
Pharmaceutical Factor VII Preparation 



The invention relates to a pharmaceutical prepara- 
tion based on blood coagulation factor VII as well as 
to a factor VII purification method. 

^The coagulation of blood is triggered by a series 
of successive reactions of various blood coagulation 
factors . A deficiency of blood coagulation factors pre- 
vents the formation of fibrin from fibrinogen and thus 
prevents wound closure; the consequence is an increased 
bleeding risk or hemorrhages, respectively. This is the 
case if there is a deficiency of vitamin K-dependent 
blood coagulation factors, such as factors II, VII, IX 
and X, which is mainly caused by an impaired function 
of the liver but may also be caused by an inherited de- 
ficiency of blood coagulation factors. For a substitu- 
tion treatment, the corresponding blood coagulation 
factors are employed. In most instances, a treatment 
with these preparations leads to a rapid hemostasis. 

Factor VII may be recovered from a biological ma- 
terial, such as blood, plasma or cell cultures. If 
blood or plasma are the starting material, it is mostly 
obtained together with at least one of the structurally 
similar factors II, IX or X in purified form. A 
prothrombin-complex preparation based on factors II, 
VII, IX and X, or a plasma fraction containing the 
prothrombin complex, respectively, may likewise be used 



as the starting material for preparing a further puri- 
fied factor VII preparation. 

For the treatment of patients who suffer from a 
factor VIII deficiency and who have developed an in- 
hibitor directed against factor VIII, a factor Vila 
preparation frequently has been suggested. Highly puri- 
fied factor Vila preparations have been described e.g. 
in EP 0 082 182 and by Hedner et al . , (Haemostasis 19, 
335-343 (1989)). 

Factor VII is relatively easily activatable to 
factor Vila. For instance, it has been found that fac- 
tor VII zymogen is rapidly activated by a number of 
physiological enzymes, such as factor IXa and factor Xa 
(Wildgoose et al . , Blood, Vol. 73, No. 7, 1989, pp. 
1888-1895) . 

In EP 0 770 625 it has been described that with 
increasing complexity of the purification procedure, 
activation of factor VII occurs. Accordingly, the addi- 
tion of blood coagulation inhibitors, such as anti- 
thrombin III/heparin or reversible inhibitors, such as 
benzamidine, during an af f inity- chromatographic purifi- 
cation have been suggested to guard against the risk of 
a factor Vila formation. 

Likewise, the use of benzamidine protects the fac- 
tor VII molecule from proteolysis during its isolation 
throughout the purification procedure, as described by 
Radcliffe et al . , Journal Biological Chemistry 250, 



1975, pp. 388-395. 

The problem of a factor VII activation, primarily 
in the presence of positively charged surfaces, e.g. in 
case of contact with an anion exchanger material, has 
been described by Pedersen et al . (Biochemistry, 28, 
1989, 9331-9336). It has been found that recombinant 
factor VII could be purified to a homogenous protein in 
the presence of benzamidine. In the absence of the in- 
hibitor, recombinant factor VII was activated spontane- 
ously. This Qutc^l^^^t ^ activation therefore also is 
a problem in preparations in which not even traces of 
the physiological activation components are present 
any longer. 

Inhibitors of blood coagulation as such are not 
desired in a pharmaceutical preparation for treating 
conditions caused by the deficiency of a blood coagula- 
tion factor. Physiological inhibitors, such as anti- 
thrombin III or heparin, are being added for stability 
purposes, i.e. to avoid the activation of the blood co- 
agulation factors in prothrombin complex preparations. 
Yet, it would be desirable to provide preparations 
which are sufficiently stable as far as possible with- 
out the addition of such inhibitors. 

The object of the invention is to provide a phar- 
maceutical factor VII preparation comprising a portion 
of activated factor VII as low as possible and a suffi- 
cient stability in the absence of inhibitors of blood 
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coagulation. Moreover, a purification method for pro- 
ducing factor VII preparations is to be provided which 
can be performed efficiently and which is gentle on the 
proteins, so as to avoid the use of inhibitors, such as 

benzamidine^^ T(lrG S^Ghtm *l 

According to the invention, this object is 
achieved by a preparation based on blood coagulation 
factor VII comprising a portion of factor Vila of less 
than 5%, having a specific activity of at least 50 U/mg 
and having a stability in the absence of inhibitors of 
blood coagulation. 

According to the invention, it is possible for the 
first time to provide a highly purified factor VII 
preparation without using the known inhibitors of blood 
coagulation, in particular . without the addition of an- 
tithrombin III and/or heparin, benzamidine, soybean 
trypsin inhibitor, phenyl -methyl -sulfonyl fluoride or 
EDTA. It has been shown that under the conditions de- 
scribed below, factor VII is not activated during a 
chromatographic purification procedure, even without 
the protection against proteolytic enzymes or activa- 
tion by contact. Thus, the highly purified factor VII 
preparation does not necessarily contain any one of the 
inhibitors listed, or less than the detection limit 
thereof, respectively. As soon as a specif ic activity 
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of at least 50 U/mg has been obtained, surprisingly it 
could be shown that factor VII is extremely stable 
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(even with regard to autocatalytic activation proc- 
esses) whithout requiring the addition of a specific 
FVII act j. vat ion inhibitor. 



The stability of the highly purified factor VII is 
mainly - though not exclusively (cf . Pedersen et al . 
1989, regarding an autocatalytic activation) - due to 
the depletion of factor Vll-specific proteases, among 
them factors IXa and Xa. Thus, it is ensured that a 
preparation, such as a pharmaceutical infusion prepara- 
tion, based on highly purified factor VII comprising at 
least 50 U/mg of protein, preferably at least 100 U/mg, 
most preferred at least 500 U/mg of protein, in special 
cases even at least 1000 U/mg up to the theoretical pu- 
rity of approximately 2000 U/mg, can remain in a state 
ready for use over an extended period of time even in 
the absence of inhibitors of blood coagulation, without 
the portion of factor Vila in the preparation increas- 
ing beyond the allowable extent. 

The preparation according to the invention has a 
portion of less than 5% of factor Vila, based on the 
total amount of factor VII, preferably less than 3%, 
most preferred less than the detection limit (e.g. in 
the test according to Seligson et al . , Haemostasis 13, 
186-191, 1983) . 

The preparation according to the invention is, 
e.g., a pharmaceutical grade concentrate which can be 
used to produce pharmaceutical combination prepara- 




tions. Such combination preparations may comprise fur- 
ther active substances, such as vitamin K-dependent 
proteins, among them one or more of blood factors II, 
IX, X, protein C or protein S. Thus, e.g., a prothrom- 
bin complex preparation comprising factors II, VII, IX 
and X may be made into a partial prothrombin complex by 
admixing the factor VII preparation of the invention. 

Due to its negligible load of contaminants, the 
factor VII infusion preparation according to the inven- 
tion may be provided in relatively highly concentrated 
form, e.g. with a concentration of from 50 to 5000 
U/ml. This substantially simplifies the administration 
of the preparation as a bolus injection or as a short- 
term infusion. 

The stability of the preparation may be tested in 
the ready for use state so as to determine whether or 
not it meets the stability criteria according to the 
invention, i.e. by incubation at room temperature for a 
period of at least 12 h, preferably more than 30 h. In 
doing so it can be determined that the preparation ac- 
cording to the invention still comprises less than 5% 
of factor Vila. 

The preparation according to the . invention may 
also be provided in a durable commercial form, prefera- 
bly as - a 'lyophilisale . Upon reconstitution, the extreme 
stability is shown again, and even during lyophilisa- 
tion/reconstitution no negative effects occur as re- 



gards the (premature) FVII activation. Further forms 
are deep-frozen preparations or liquid preparations 
which are stable for an extended storage period, op- 
tionally after the addition of stabilizers, such as 
carrier proteins and/or carbohydrates, preferably at 
4°C. 

In any case, despite its stability properties 
(also as regards an autoactivation) , factor VII in the 
preparation according to the invention is an acti- 
vatable factor VII which can be activated, e.g. in 
vivo, without any problems and subsequently will be 
blood-coagulation-active according to native factor 
VII. Preferably, a native factor VII protein is em- 
ployed, e.g. human plasmatic factor VII, or human re- 
combinant factor VII. In the recombination of nucleic 
acids, also factor VII analogs may be used which, in 
any case, are activatable to an equal or even a higher 
extent (Sridhara et al . , Am. J. Hematology 53, 66-71, 
1996) . 

According to a further aspect, the present inven- 
tion relates to a method of purifying factor VII from a 
biological material and producing the factor VII prepa- 
ration according to the invention by adsorption of fac- 
tor VII on a chromatographic material, fractionated 
elution of factor VII with a specific activity of at 
least 5 0 U/mg, whereby the elution is carried out with 
a buffer without the addition of inhibitors of blood 



coagulation, and recovery of factor VII from the elu- 

As starting material for producing the factor VII 
preparation according to the invention, usually a com- 
plex, biological material is used. This includes blood, 
plasma, plasma fractions, cell cultures, or cell cul- 
ture fractions, respectively. Yet also a pharmaceutical 
grade preparation may be used as the starting material 
which, in addition to factor VII, also comprises fur- 
ther proteins, e.g. a prothrombin complex preparation 
comprising factors II, VII, IX and X. 

To avoid the risk of a transmission of human 
pathogenic infectious agents, among them viruses trans - 
mittable by blood, such as HIV and hepatitis viruses, 
e.g. HAV, HBV, HCV, HGV, and parvoviruses, yet also the 
infectious agents of BSE and CJD, a series of measures 
are taken. Factor VII may be subjected to a method for 
inactivating, or depleting, respectively, human patho- 
gens each prior to or following chromatographic purifi- 
cation. Preferably, at least two measures are provided 
which effect the inactivation, or depletion, respec- 
tively, due to a different mechanism. Among them are 
chemical, physico-chemical and physical methods. The 
methods using virucidal substances preferably are em- 
ployed prior to or during the chromatographic purifica- 
tion procedure so that the virucidal agent can be re- 
moved simultaneously with the purification of factor 
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VII . 

Effective measures for inactivating viruses in- 
clude, e.g., treatment with organic solvents and/or de- 
tergents (EP 0 131 740, EP 0 050 061, PCT/AT98/00090) , 
treatment with chaotropic agents (WO 90/15613), heat 
treatment methods , . preferably in lyophilized, dry or 
humid state (cf. EP 0 159 311), combination methods (EP 
0 519 901) and physical methods. The latter cause the 
inactivation of viruses e.g. by irradiation with light, 
such as in the presence of photosensitizers (EP 0 471 
794 and WO 97/37686) . 

Human pathogen depletion methods particularly in- 
clude filtrations using ultraf ilters , depth filters or 
nanofilters (cf. WO 97/40861, AT A 1029/97). Yet, also 
precipitation steps or other protein purification meas- 
ures, such as adsorption, contribute to the depletion 
of possibly present pathogens. 

The method according to the invention for purify- 
ing factor VII and producing a factor VII preparation 
comprises at least one chromatographic step. In doing 
so, factor VII is adsorbed and selectively eluted and 
fractions are recovered. For the further recovery of 
factor VII from the eluate, those fractions are chosen 
in which the specific activity is at least 50 U/mg of 
protein, preferably at least 100 U/mg. 

As elution buffer, preferably a buffer which has a 
pH in the neutral range, such as in the range of 5-9, 



preferably 6-7.5, and which has an ionic strength cor- 
responding to a content of NaCl of less than 1 M is em- 
ployed. As has previously been described, none of the 
inhibitors of blood coagulation listed are added to the 
elution buffer. Possibly present physiological inhibi- 
tors which exist in the starting material are separated 
already during adsorption and, optionally, in the sub- 
sequent purification of the adsorbed factor VII with a 
washing buffer so that in any case factor VII is recov- 
ered without an inhibitor content. Here, too, the ex- 
traordinary stability of the highly purified factor VII 
is shown which then may be subjected to the further 
preparation procedures common for producing a pharma- 
ceutical or diagnostic preparation. 

Chromatography is performed either in the batch 
method or in a column. For an improved control of the 
flow rate or contact period of factor VII with the 
chromatographic material, the column method is pre- 
ferred. Preferred materials are carriers with posi- 
tively charged ligands which may be employed as anion 
exchangers . 

As the anionic exchangers, in principle all the 
anion exchangers based on carbohydrates or synthetic 
polymers may be employed which have an affinity to fac- 
tor VII (prothrombin), such as, e.g., DEAE-Sephacel® , 
DEAE-Sephadex®, DEAE-Sepharose CL6B®, DEAE-Sepharose 



Fast Flow®, QAE-Sephadex® , Q-Sepharose Fast Flow®, Q- 

Sepharose High Performance®, Q-Sepharose Big Beads® 
(all from Pharmacia); 

DEAE-Tris-Acryl® , DEAE-Spherodex® , Q-Hyper-D® (all 
from Sepracor) ; 

Macroprep DEAE®, Macroprep Q® (all from BioRad) ; 
DEAE-Toyopearl®, QAE-Toyopearl® , Toyopearl Super-Q® 
(all from Tosohaas) ; 
Protein PAK DEAE® (Waters); 

Fractogel EMD-TMAE®, Fractogel EMD-DEAE®, Fractogel 
EMD-DMAE®, Licrospher 1000 TMAE®, Licrospher 1000 DE- 
AE® and Licrospher 4000 DMAE® (all from MERCK) . 

In particular, pressure-stable ion exchangers are 
used, such as, e.g., Fractogel TMAE-EMD, Express ionQ, 
Sonree 3 0Q. Surprisingly it has been shown that even on 
these materials the phenomenon of activation of factor 
VII does not occur as soon as the period of contact 
with the anion exchanger material, or the retention 
time on the column, respectively, is kept short, e.g. 
less than 5 min. Accordingly, in a column preferably a 
flow rate of at least 2.5 cm/min, preferably 3.0 
cm/min, is chosen for the elution of the adsorbed fac- 
tor VII. 

In most instances, the flow rate corresponds to at 
least 0.15 column volumes per minute, preferably 0.17, 



most preferred 0.2 column volumes per minute. 

Further materials for chromatographic purification 
are carriers with ligands which have a specific affin- 
ity to factor VII, such as tissue factor, antibodies 
and peptides. Further preferred materials comprise hy- 
drophobic groups . 

As the gel for the hydrophobic interaction chroma- 
tography, preferably Phenyl-Sepharose High Performance® 
(from Pharmacia) , yet also other chromatographic gels, 

such as, e.g., Butyl -Sepharose® , Octyl-Sepharose® , 

Phenyl-Sepharose®, Phenyl-Sepharose Fast Flow High 

Sub®, Phenyl Sepharose Fast Flow Low Sub® (all from 
Pharmacia) ; 

Fractogel TSK-Butyl® (from MERCK); 

Macroprep-Methyl-HIC-Support® , Macroprep t-Butyl-HIC- 
Support® (all from BioRad) ; 

TSK-Gel Butyl Toyopearl®, TSK-Gel Phenyl Toyopearl® 

and TSK-Gel Ether Toyopearl® (all from Tosohaas) are 
employed. 

As the further carrier materials, also common gel 
filtration media, such as, e.g., Superose 12, Superdex 
75, may be used. 

According to a particularly preferred embodiment, 
also combinations of the chromatographic methods listed 
are used for producing a factor VII preparation, e.g. 



the combination of the anion exchange chromatography 
and hydrophobic interaction chromatography. Optionally, 
this may be followed by a gel filtration for further 
purification. Accordingly, an anion exchanger prefera- 
bly is used as the chromatographic material in the 
method according to the invention, and a material suit-, 
able for hydrophobic chromatography. 

The factor VII purified according to the invention 
may not only be formulated to a pharmaceutical factor 
VII preparation by the common measures of 
dialysis/diaf iltration, sterile filtration and concen- 
tration. Likewise, combination preparations may be pro- 
vided which contain the factor VII purified according 
to the invention in addition to other active sub- 
stances. 

In particular, a prothrombin complex preparation 
may be provided according to the invention which con- 
tains at least one of the blood coagulation factors II, 
IX and X in addition to the highly purified and stable 
factor VII. These further blood coagulation factors 
preferably also are purified as individual factors be- 
fore the combination preparation is provided by appro- 
priate formulation. Such a preparation may be provided 
with or without inhibitors of blood coagulation. In 
particular, a heparin content may be. provided, accord- 
ing to a recommendation by Menache et al . , Thrombosis 
Diathes . Haemorrh. 33, 645-647 (1975) for producing 
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factor ix-containing pharmaceutical preparations . 

The present invention thus also relates to a phar- 
maceutical preparation comprising a factor VII accord- 
ing to the invention, or a factor VII preparation 
according to the invention, respectively. This prepara- 
tion preferably may contain at least one, in particular 
all, of the blood coagulation factors II, IX and X. 

According to a preferred embodiment, the prepara- 
tion according to the invention is formulated as a 
pharmaceutical infusion preparation. 

Further additions to the preparation according to 
the invention are preferably antithrombin III and/or 
Atheplex which is an antithrombin III /heparin complex, 
prepared, e.g., according to EP 0 129 534. 

The invention will be described in more detail by 
the following examples. 

Example 1: Purification of factor VII from 
cryosupernatant by anion exchange chromatography on 
Fractogel TMAE-EMD 

340 1 of cryosupernatant are adsorbed on Al(OH) 3 
and eluted with 22 . 5 g of Na 2 HP04 x 2 H 2 0/1 (pH 8.5) 
comprising 1% (v/v) Tween 80 (from plants) and admixed- 
with AT III /heparin complex (3 50 IU of heparin/kg of 
eluate, 4 0 IU of AT III /kg of eluate) . The Tween-con- 
taining eluate is concentrated approximately 15-fold by 
ultrafiltration on a membrane having an exclusion limit 

of <30 kD and diafiltered against 10 volumes of 20 mM 



Tris/HCl (pH 7.0) (Tris buffer). After 0.2 u filtration 
and adjustment of the Tween concentration to 15% (v/v) , 
it is incubated for virus inactivation for 3 h at 40°C. 
The solution diluted with Tris buffer to twice of its 
volume (3 1) is applied to a BPG100/165 Fractogel TMAE- 
EMD 650 M-column (from MERCK), subsequently washed with 
Tris buffer and thereafter washed with Tris buffer at 
increasing NaCl step gradients (50, 100, 150, 200, 250, 
1000 mM/1), eluted and regenerated. The flow rate was 
at least 2 . 5 to 3 cm/min at a bed height of 16.5 cm. 

Upon the addition of 43.8 IU of heparin/kg and 5.0 
IU of ATI I I /kg, the 200 mM NaCl eluate (approximately 5 
1) was concentrated 60-fold to a protein concentration 
of 5 mg/ml by ultrafiltration on a membrane having an 

exclusion limit <3 0 kD. After diaf iltration against a 
solution of 4.8 mM Na 3 -citrate x 2 H 2 0 and 61.6 mM 

NaCl/1, the pH is adjusted to a value of 8.0 ± 0.5. 
The solution is frozen. and lyophilized. The lyophili- 
sate is moisturized up to a residual moisture of 7-8% 
and heated for virus inactivation for 10 h at 60°C and 
for 1 h at 80°C. 
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Table 1 



Result 



Fraction 


Sp&ci f • 


fvix—ac t i va 


Puri fx csl — 




Act. * 


tion** 


tion Factor 




[U FVTT/mg 


fu Fvxxa/U 






prot . J 


FVTI] 




Plasma 


0.02 




1 


Al (OH) 3 Tween 


5 


0.05 


200 


eluate 








TMAE-eluate 


100 


0.25 


5, 000 


heat-treated 


100 


0.35 


5, 000 


1 y oph i 1 i s a t e 









*: maximum theoretical specific activity: 2000 U 



of FVII/mg of protein 
**: complete activation at a FVIIa/FVII ratio of 15-20 

Example 2: Purification of factor VII from 
cryosupernatant by anion exchange chromatography on 
Fractogel TMAE-EMD and subsequent hydrophobic chroma- 
tography on phenyl-Sepharose 

It is proceded as in Example 1 as far as to the 
production of the heat-treated preparation (bulk pow- 
der) . The bulk powder is dissolved at its original vol- 
ume with Milli Q-water (from Millipore) (protein 
concentration approximately 5 mg/ml) , its salt content 
is increased from 60 to 2000 mM NaCl/1 and it is ap- 
plied to an XK50/96 Phenyl-Sepharose-HP column (from 
Pharmacia) which had been equilibrated in 20 mM 
Tris/HCl (pH 7.4; 2000 mM NaCl/1). Upon application of 



75 ml of FVII bulk powder solution at a flow rate of 10 
ml/min, it is subsequently washed with approximately 10 
SV of equilibrating buffer, and thereafter it is 
washed, eluted, and regenerated, respectively, with the 
following NaCl steps: 
<L200 mM NaCl /I 
850 mM NaCl/1 
500 mM NaCl/1 

0 mM NaCl/1, each in 20 mM Tris/HCl (pH 7.4) 
Approximately 2.8 1 of the 85 0 mM NaCl eluate are 
subsequently concentrated 5-fold by ultrafiltration on 

a membrane having an exclusion limit <3 0 kD and diafil- 
tered against 20 mM ammonium hydrogencarbonate and ly- 
ophilized with sublimation of the salts. The salt-free 
lyophilisate was taken up in 1/50 of the original vol- 
ume in 0.4% Na 3 -citrate x 2 H 2 0, 0.8% NaCl (pH 7.0), and 
re-buffered with slight purification at a flow rate of 
2.5 ml/min on a XK2 6/100 Superose 12 column (from Phar- 
macia) equilibrated in the same buffer. 
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Table 2 

Result 
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Plasma 


0.02 


- 


- 


1 


Al(OH) 3 Tween 


5 


0.05 


100 


200 


eluate 










TMAE-eluate 
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0.25 


80 


5, 000 


heat-treated 


100 


0.35 


61 


5, 000 


lyophilisate 










Phenyl-Seph. 


500 


0.4 


43 


25, 000 


eluate 










Superose 12- 


1, 000 


0.5 


35 


50, 000 


eluate 











Example 3: Influence of the flow rate on 
the activation of factor VII on Fractogel TMAE-EMD 

The purification of FVII from an Al(OH) 3 eluate, 
after virus inactivation with 15% Tween (application 3 6 
mg of protein/ml of gel), was tested on an XK26/16.5 
Fractogel TMAE-EMD 650 M column (from Merck) at differ- 
ent flow rates at 22°C. The conditions of chromatogra- 
phy correspond to those in Example 1. 
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Result 



Flow rate 


Activation 


[cm/minj 


[U F7a/UF7] 


0.94 


7.6 


1.88 


2 . 65 


2.35 


0.45 


2 . 83 


0.24 



It has been shown- that with an increasing flow 
rate, the content of activated factor VII decreases. 
Then, starting from a value of higher than approxi- 
mately 2.5 to 3 cm/s, the activation rate will remain 
approximately constant. 

Example 4: Test for determining the sta- 
bility of the FVTI preparation 

4.1. Incubation conditions 

100-3 00 ul aliquots of the FVII-containing eluates 
of the TMAE, and Phenyl-Sepharose-chromatography , re- 
spectively, prepared according to Examples 1 and 2, 
were incubated for 38 h at 22°C. After this period the 
^SS ao ly t i o ^FVI I activity (Immunochrom FVII:C, from IM- 
MUNO AG), the FVIIa coagulation (Staclot VIIa-Rtf, from 
Diagnostica Stago) , and the protein concentration 
(Bradford) were tested as compared to an aliquot imme- 
diately frozen at -20°C. 

4.2 Activity tests 

4.2.1. IMMUNOCHROM FVII:C 

The factor VII activity was kinetically measured 



under the conditions of a complete activation of FVII 
by thromboplastin and Ca 2+ and the subsequent activation 
of likewise added FX with a chromogenic FXa substrate. 
It was proceded according to the manufacturer's recom- 
mendations . 

4o2o2o STACLOT VIIa-rTF 

With recombinant, soluble tissue factor, in the 
presence of phospholipid and FVII deficient plasma 
alone, the coagulation triggered by FVIIa can be meas- 
ured with the assistance of a coagulometer. It was pro- 
ceeded according to the manufacturer's, Diagnostica 
Stago ' s , instruction . 
4.3 Results 



Fraction Pro- U FVXX U FVZla U 

tsln chrom/mg- Activ&t* Activate 
[mg/ml] Spec 0 Act* £=0 t=38 

TMAE, 200 mM 0.04-0.08 150-200 0.1-0.3 0.3-0.8 



Phenyl-Seph. , 0.02-0.04 500-1000 0.1-0.2 0.1-0.3 
750 mM 



It has been shown that with the preparations pro- 
duced according to the invention, there is no activa- 
tion of FVII worthy of mention, even after a storage 
for 38 hours at 22 °C. This was the more surprising as 
in the factor VII preparations known so far, always a 
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substantial activation (i.a. also by autocatalysis ) 
curred which could only be avoided by the addition 
specific inhibitors . 



